Objective: This study was intended to improve diabetes care among patients with type 2 diabetes mellitus with premixed insulin analogue and human premixed insulin therapy. To evaluate safety and efficacy of premixed insulin add-on to metformin and sulphonylurea in routine clinical practice.
Introduction
Quality of diabetes care in India is a challenge. Diabetes management is depending upon the expertise, awareness, attitude, and perceptions among health care professionals in diabetes (Joshi, 2015) . Currently, India is a diabetic home of more than 69 million individuals and it is expected to be 123 million by the year 2040. In India, doctor population ratio is 1:1800, as the availability of specialists in the area, is mostly from the urban area and since about 70% initial diagnosis is being done by non-specialists, the key challenge of diabetes care (Bhalla et al., 2016) .
Type 2 diabetes mellitus (T2DM) treatment includes oral anti-diabetic (OAD) drugs and insulin treatment with lifestyle adjustment. The overall goal is to achieve acceptable glycemic control and adequately reduce associated complications in long-term (Chawla et al., 2016) . A number of studies, most prominently the UK prospective diabetes studies (UKPDS) suggest that proper glycemic control reduces the development and progression of T2DM vascular complications (Stratton et al., 2000; UKPDS, 1998) . Due to the progressive deterioration in T2DM, the majority of subjects require multiple therapies to attain the recommended glycemic targets set by, for example, the American diabetes association (ADA). It is recommended that initiation of insulin therapy should begin when glycosylated haemoglobin (A1C) has deteriorated to > 7.0% Improvement in poor glycemic control among patients with type 2 diabetes mellitus through premixed insulin in India Considering the fact, Gujarat is one of the richest and developed states of India. Many of Gujarati people have more oil and sugar content in diet and less physically active lifestyle. As a result, Gujarat is to the forefront of contributors of diabetic patients in India and high prevalence of obesity and hypertension (Pandya et al., 2012) . Studies show that majority of patients are not achieving the recommended glycemic target despite a broad range of anti-diabetic therapies (Hoerger et al., 2007; Juming et al., 2012; Linong et al., 2012) .
In T2DM, insulin is usually initiated in subjects who have failed to achieve the glycemic targets, % A1C should be <6.5 and ≤ 7.0 recommended by ADA and American college of Endocrinology (ACE) guideline respectively (American diabetes association, 2003; Field, 2003) .
Human premixed insulin (HPI), also known as biphasic human insulin 30, contains a fixed mixture of 70% neutral protamine hagedorn (NPH) human insulin isophane suspension and 30% soluble regular human insulin. When injected 30 min before a meal, soluble component aim to lower post-prandial blood glucose (PPBG), while NPH provides basal insulin coverage (Shah et al., 2009 ).
Premixed insulin analogue (PIA) is a novel biphasic insulin analogue which targets PPBG, provides up to 24 hours of basal insulin coverage given within 15 minutes of a meal. PIA comprises 30% soluble insulin aspart and 70% protaminized insulin aspart. The soluble fraction is absorbed rapidly, and the protamine crystallised fraction has a delayed absorption, similar to that of human insulin NPH (Novomix, 2001; Rolla, 2002) .
Insulin is recommended as an add-on to OAD drug preferably metformin, according to the current guidelines of the ADA and European association for the study of diabetes (Nathan et al., 2006) . The study design was to evaluate and raise awareness among physician and patients about insulin therapy.
Research design and methodology
The aim of this observational study was to evaluate the safety and effectiveness of human premixed insulin and premixed insulin analogue on T2DM patients from Gujarat under normal clinical practice. The study design was a 26 week, multicentre, parallel group, and open label. The study protocol was approved by the Medilink ethics committee protocol number A-11-11 and was in accordance with the Declaration of Helsinki and ICH Good Clinical Practice (Helsinki, 2008 , ICH, 1996 . The study site selection was done depend on the investigator qualification and facility require for diabetes practice. The study investigators were educated on appropriate use of human premixed insulin and premixed insulin analogue therapy to improve glycemic control by personal visit of co-investigator. The study site staffs were also educated on ICH Good Clinical Practice for proper site management as per protocol. Written informed consent was obtained from all patients. Data were collected at baseline (visit 1), approximately at 13th week (visit 2) and at approximately 26th week (visit 3). The frequency and timing of visits were based on the accepted standard of care for T2DM management (Shah et al., 2009 ).
Study population
The study was conducted at 7 sites in Gujarat, India. All the sites were screened and subjected to treatment as per protocol. All patients were recruited by their physicians during their routine clinical practice. This study design was included subjects, who did not achieve adequate glycemic control (desire A1C level), treatment with metformin and combination with other hypoglycemic agents, was therefore necessary.
Patients were selected and screened based on the inclusion criteria: All the type 2 diabetes patients, >18 years of age, men or women were eligible for the study. A1C > 9.0 % at time of diagnosis. > 7.0 % even after 6 months of A1C therapy with other anti-diabetic agents (OADs and/or insulin). Exclusion criteria: type 1 diabetes, hypersensitivity to premixed insulin or to any of the excipient (Valensi, 2009; Sharma et al., 2012; Venkataraman et al., 2009) .
Procedure
Prior to any study related activity, the investigator gave the oral information to subject or parents/the subject's legally acceptable representative, as applicable. The subjects were educated in subjects' mother language on general diabetes education, diet, foot care, exercise and self monitoring blood glucose procedure. The subjects were also informed of study related risks and benefits and they could withdraw from the study at any time. The responsibility for seeking informed consent (IC) remained with the investigator. The written IC was signed and personally dated by the investigator. A voluntary signed and dated informed consent form (ICF) was obtained at visit-1 prior to any study related activities. The study variable includes demographic variables, e.g. age and diabetes duration. The primary clinical measurements were glycosylated haemoglobin (A1C), fasting blood glucose (FBG) and postprandial blood glucose (PPBG). Study includes the measurement of adverse events or serious adverse events as safety variables. It includes the number of minor and major hypoglycemic episodes; tested at baseline, 13th week and 26th week visit. Other safety variables include lipid profile were measured at baseline and 26th week.
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Statistical analysis
Continuous variables were summarized with descriptive statistics expressed as mean ± standard deviation (SD). The data were analyzed using ANOVA followed by Tukey's multiple comparison tests and paired t-test by Graph pad prism 5.01 software. p<0.05 were considered as statistically significant. Categorical data were summarized with the number (N) and percentage (%) of subjects in each category. The continuous endpoints were defined as change from baseline to week 26.
Results
Results shows (table 1) 226 patients at baseline, 24 (10.61%) were on metformin alone and 53(23.45%) patients were on oral dual combination of metformin plus sulphonylurea, 62 (27.43%) patients on oral dual combination with insulin, while 87 (38.49%) patients were on oral triple combination with insulin.
Table shows the summary of subject study completion status full analysis set where 41 (18.1%) patients were dropped out due to loss of follow up and 8 (3.5%) patients due to discontinued drug therapy during the study period. No major adverse drug reaction was found in any of study group. The demographic data for these patients are presented in table. The mean patient age was 60.61 ± 6.96 years and mean age of male and female were 60.07% and 61.37%, respectively. The mean T2DM duration was 5.12 ± 3.16 years, among that male and female diabetes duration, were 4.96 ± 3.21 and 5.36 ± 3.11 years respectively.
Glycemic control
The observation shows the baseline mean A1C was 10.04 ± 1.68%. Figure 1 represents the summary of A1C% from baseline to week 26th effective analysis set at A1C% level 7 and 6.5% achievement. All group was significantly reduced A1C % (p<0.001) at 26th week visit compared to baseline visit. % reduction of A1C% in group Metformin, Met+SU, Met+HPI, Met+SU+HPI, Met+PIA, and Met+SU+PIA were 10.07 ± 6.8%, 13.54 ± 9.55%, 30.22 ± 5. 9%, 36.37 ± 6.19%, 36.30 ± 7.9% and 40.19 ± 7 .7% respectively. Combination of metformin and premixed insulin analogue group (p<0.05) and add on to sulphonylureas (p<0.001) were significantly increased % reduction of A1C as compared to the combination of metformin and human premixed insulin (Figure 2) . Figure 3 represents % A1C % achievement at 6.5 and 7.0 based on ADA and ACE guideline. Metformin combination with premixed insulin analogue was significantly achieved % reduction at 7% A1C compared to human premixed insulin and metformin group, while add on to sulphonylurea achieved 6.5 % A1C.
All the study groups were significantly reduced FBG (p<0.001) at 26 week visit compared to baseline. % reduction of FBG of study group Metformin, Met+SU, www.ajpp.in (Figure 4 and 5).
The observation data in figure 6 and 7 shows the effect of group combination with metformin on PPBG from baseline to week 26. Drug combinations were significantly (p<0.001) reduced PPBG on 26 week as compared to baseline. % reduction of PPBG of study group Met, Met+SU, Met+HPI, Met+SU+HPI, Met+PIA, and Met+SU+PIA were 9. 4 ± 7.8, 24.79 ± 12.8, 42.11 ± 12.51, 51.32 ± 12.33, 47.95 ± 14.0 and 53.48 ± 8.18 respectively. The triple combination of metformin, sulphonylureas, and www.ajpp.in premixed insulin analogue group was significantly (p<0.01) increase % reduction of PPBG as compared to the combination of metformin and human premixed insulin.
Hypoglycemia
Hypoglycemia occurred in 8.47% of total patients according to the questionnaire in case record form, although there was not observed major hypoglycemic events during the study period at any of study group. Around 20% of patients showed minor hypoglycemic event by human premixed insulin group. Combination of metformin, sulphonylurea, and premixed insulin analogue did not show any hypoglycemic event among study subjects (Figure 8 ).
Other safety variable
As other safety variable parameter considered total cholesterol (TC), HDL-cholesterol, LDL-cholesterol and triglyceride (TG) from baseline to week 26. Study result did not show any significant change during the study (Figure 9 ).
Discussion
In India, diabetes mellitus is creating significant healthcare burden of both family and society because of increase in the level of morbidity and mortality. Nowadays, diabetes is being shown to be associated with a continuum of complications and to be occurring at a relatively younger age in the country (Kaveeshwar and Cornwall, 2014) .
India is concerned; the aspects of current profile of diabetic patients and their management for diabetes care have been less focused in the research studies. In DiabCare Asia study, a multi-centre collaborative observational study in Asia shows 50% had poor control on A1C and 54% had late severe complications (Venkataraman et al., 2009 ).
As per DiabCare India 2011, T2DM begins at a young age in Indians, while patients have sub-optimal glycemic control. This indicates that there is a necessity for increasing awareness regarding advantages of good glycemic control www.ajpp.in and requirement of more structured intervention at an early stage of the disease. It would not be out of place to emphasize that the status of diabetes care in India needs to be further improved. To the best of knowledge, no such type of profiles has been reported from Gujarat. Nonetheless, the literature on the prevalence of diabetes is available from the south and north India. The main motivation for this analysis was to obtain the risk profile so as to prevent or decrease the burden of T2DM in Gujarat (Mohan et al., 2014; Patel et al., 2011 ).
In present observational study, total 226 T2DM patients were recruited and out of them, 177 patients had completed the study, 58.2% were male and 41.80% were female. The mean age was 60.61 ± 6.96 years and duration of diabetes mellitus was 5.12 ± 3.16 years. A1C % level had reduced effectively from the baseline to week 26 by all treatment groups. Statistically significant (p<0.001) reduction in A1C % was seen. The highest percentage of reduction was achieved by premixed insulin analogue and its combination group. As we have discussed the guidelines of ADA and ACE, % A1C should be <6.5 and <7.0 respectively, which shows optimum glycemic target should be achieved.
Analysis of A1C % after 26 weeks of treatment showed that premixed insulin analogue was superior to human premixed insulin. The percentage of patients who were achieved the target <7.0 A1C % was 80.64% (premixed insulin analogue) and 37.5% (human premixed insulin), which indicates that optimum glycemic target was achieved by premixed insulin analogue group as compared to human premixed insulin group. Result represents that human premixed insulin and premixed insulin analogue were achieved the target of 6.5 A1C % when it was combined ≤ with sulphonylureas. Triple combination of human premixed insulin was given same result as compared to dual combination of premixed insulin analogue on % reduction of A1C. Moreover, dual combination of premixed insulin analogue was significantly reduced A1C % as compared to dual combination of human premixed insulin, indicating dual combination of premixed insulin analogue is good choice of diabetes management compared to dual and triple combination of human premixed insulin.
Insulin groups were significantly reduced fasting and postprandial blood glucose level at 26 week visit. Dual or www.ajpp.in Figure 9 . Effect of group combination with metformin on total cholesterol (TC), HDL-Cholesterol, LDL-Cholesterol and Triglyceride (TG) from baseline to week 26 safety analysis set. Values are Mean ± SD followed by paired t tests. triple combination of human premixed insulin and premixed insulin analogue group did not showed significant change in % FBG reduction, while triple combination of premixed insulin analogue was showed significant (p<0.01) % PPBG reduction as compared to dual combination of human premixed insulin.
Furthermore, around 20% of patients faced hypoglycemic events in the group of human premixed insulin. Only 3.2% hypoglycemic events were achieved by premixed insulin analogue group, while combination of premixed insulin analogue and sulphonylurea did not show any hypoglycemic events.
Conclusion
For initiating or intensifying insulin therapy in T2DM patients, the pharmacological property of premixed insulin analogue that makes it a possible choice for healthcare practitioners. Premixed insulin analogue lowers A1C to a greater degree and minimize the risk of hypoglycemic events in T2DM patients compared to human insulin. Premixed insulin analogue stands for a simple and effective tool for the modern diabetes management.
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